In many physical systems, there are specific electronic states called "dark states" that are protected from the rapid radiative decay imposed by the system symmetry [1] [2] [3] [4] . Although their long-lived nature indicates their potential for quantum information 1, 2, 5, 6 and spintronic 7 applications, their high stability comes at the expense of optical accessibility. Breaking the symmetry by using magnetic 8, 9 and electric fields 7, 10 has been employed to hybridize dark and bright states thus making them optically active, but high-frequency and on-chip operation remains to be developed. Here we demonstrate the strain-induced coherent coupling of dark and bright exciton states in a GaAs mechanical resonator. The in-plane uniaxial strain breaks the rotational symmetry of the crystal, allowing the dark states to be optically accessible without any external fields. Such dark-bright coupling is tailored by the local strain distribution, which enables the coherent spin operation 11, 12 in the gigahertz regime and opens the way to on-chip excitonic quantum memories and circuits. Optical transition in two-level systems is generally governed by the conservation law of total angular momentum. To optically excite (relax) two-level systems, the total angular momentum must be conserved between the initial and final states. In the particular case of solid state systems, the optical transition obeys the spin polarizations of electrons and holes. For instance, electrons in the conduction band and holes in the heavy-hole band with antiparallel spins are optically active, and are called bright excitons, and those with parallel spins are optically inactive, and are called dark excitons. Although dark excitons are of great interest owing to their long lifetimes [5] [6] [7] 13 , direct optical access is technically challenging 14, 15 . A magnetic field is commonly used to break the rotational symmetry provoking the coherent coupling of dark and bright excitons 8, 9 . Such hybridization allows the dark excitons to become optically active. However, a large magnetic field is only induced statically and uniformly, which limits the dynamic and local control of the dark excitons.
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A strain field breaks the rotational symmetries of the crystals, and causes intermixing of dark and bright excitons via deformation potentials. In contrast to a magnetic field, a strain field is dynamically and locally controlled with piezoelectric materials 16, 17 . The strain effects for exciton states are described by the Pikus-Bir Hamiltonian 18, 19 as follows.
(1)
Here, BX (DX) stands for bright (dark) excitons, where the subscript of HH (LH) specifies a heavy-hole (light-hole) band. , , , and are strain induced perturbations, which are derived from strain tensors ( ) and the deformation potentials of GaAs ( , , , ) . is the exchange energy of an electron and a hole. Uniaxial in-plane strain ( ≠ ) provides non-zero off-diagonal components , which cause the inter-band mixing of BX and DX, whereas becomes negligible with isotropic in-plane strain ( = ), which can be caused by the lattice mismatches in heterojunctions. Therefore, uniaxial strain breaks the four-fold rotational symmetry of the zincblende structure, allowing the hybridization of different total angular momentum states, i.e. bright excitons and dark excitons as shown in Fig. 1(a) .
To generate time-varying uniaxial in-plane strain, we adopted a micro mechanical resonator based on GaAs, which greatly enhances the strain amplitude because of its quality factor. 
1(c).
We employed stroboscopic PL measurement 16, 22, 23 to investigate the effects of mechanically induced strain on the bound exciton energies. The pump laser was shaped into a periodic rectangular pulse with an acousto optical modulator (AOM), whose repetition rate was synchronized to the mechanical frequency. By changing the relative phase between the pump pulse and the mechanical motion, PL spectra under time-varying strain were obtained with a CCD. Figure 3 In the experiments, there are two kinds of strains, namely the static strain from the lattice mismatch of GaAs and Al0.3Ga0.7As, and the dynamic strain caused by the vibration. The former is an isotropic in-plane strain ( ≅ ), which causes the intrinsic energy difference between the LH and HH bands ( = 2 × ). However, the mixing terms from the intrinsic strain are negligible because and cancel each other out ( ≫ ). On the other hand, the mechanical motion in the cantilever structure as shown in Fig. 1(a) generates a uniaxial strain ( ≫ ), which provides both the energy splitting of the LH and HH bands and the mixing of the dark and bright excitons. We calculated the strain tensors of the 2 nd flexural mode numerically using FEM at the measured position of the mechanical resonator. The parameters , , and were 2.9 × 10 -4 , -2.2, -5.4 eV based on references 18, 28 , and * , , and were extracted as 1.51486, 1.7 × 10 -4 , and -0.5 eV by fitting the experiments. The numerical solutions of the dark and bright exciton energies obtained with • theory are shown in Fig. 1(d) and 
